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.''(•vcral  electron  source.';  were  investigated  for  use  in  far  infrared  image  tuln's  in  an  effort  to 
find  or  develop  .sources  whicli  had  sharj)  eutoffs  in  their  electron  energ)  distrihution  curves 
(KDC's).  \n  atigidar  electron  energy  analyzer  system  was  fabricated  and  u.'sed  to  evaluate  not 
only  Kl)(7s  hut  also  their  dependence  on  emission  angle.  Primary  experimental  attention  was 
directed  at  two  electrostatic  filtering  techniques  - 127*  cylindrical  and  hemi.spherieal  - and 
three  emitters  - miniature  field.emitter  tips,  tin  oxide  thin  films,  and  negative  electron  affinity 
(N  K A)  gallium  phosphide  photoemitters.  None  of  these  were  developed  .sufficiently  for  u.s<>  in  -- 
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iinil  »a'  a (larl  i»l  I’mjn  I ITlXil  10J\:{IH.  Ta>k  (Ki.  Ti  rry  1,.  Junr.swa'  llir  |irinri|)al 
imr«(i”ali>r  in  li«<iiv  ami  al.'nllir  (lOTR  on  llir  i xtiTiial  conlrai  l.>  wliii  li  Mj|iiiorlril  llii.' 
intrrnal  work  unit  l iirllirr  ilrt.nl.' on  inirrnal  work  may  1m-  roumi  in  lalioralors  noir 
l)ook'  N\  I.  anil  N\  I.-7-7J.  I m-|'h1  r.ontrartor  rriiorls  arr  listril  in  tin-  liililioa- 
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l l.KCrKON  SOI  KCI  S K)H  I I Tl.KK  IM  \(;K  TI  HKS 


1 iN'nu»)\  i.i  ioN 

\ tiKijur  |iriililci[i  m iiid-I  I\ |m's  nf  l.ir  iurrjri'd  is  to  [trovidc  uii  out- 

|Mit  vMtli  'UllKirtil  rotilr.i'l  lor  .111  uli'iTw  r III  the  imam'  ul  idijcrt.-  ill  Llif  iscciic. 

I iidiT  idc.d  ( umiitinii'.  till-  fNc  ( .111  -<•(•  an  iiiiaac  willi  oiilx  IW  coiitra.-t ; l»ut.  wlifii 
Mcwiii”  'iiiall  or  laiiil  iiiia^c',  ~>0'r  i iiiitr.i~l  iiia\  he  rri|tiiri  d.  Siiic;-  tlic  far  itifrart’d 
'laiial  iiiforiiialioii  from  m.iiis  h i m i-  li''>  Ilian  I iii  ncnt  aliow-  tlic  amliii-nt  liack- 
iironnd  radiation,  llic  li.n  k^ronnd  iiiii'l  ollcii  lx-  Mi[i|irc.'x  d licfort’  an  oIi.mtn aide  iiiiaxc 
I .III  lie  di^[ila\i'd.  Il\  n-int;  ('ll  ( Iron  licaiii>  w Im  li  arc  iicarlv  moiKH'iicrijclic.  Inl»c.'(  can 
lie  liiiill  vsliicli  di'(  riiinnalc  ,ix.nii't  "Ii.k  karonnd  ck  ( lron^’'  and.  .1.'  a rcMjIl.  xrcatlv 
ilii[iro\c  the  ( (iiitra'I  in  llic  linage  jircM  nlcd  lo  an  (diM  iMT. 

\-  an  i'\aiii|dc.  'ii|i[io'(  an  idc.il  i.'oinx  iicrci  tic  i Icciron  ciiiillcr  i.s  twd  in  a 
vcl(xil\  '(lector,  dirci  I \icv%  liilx  ( I i'j;nri  li  \"iiinc  that  llic  electron.'  arc  ciniltcd 
nornialK  vmIIi  C"cnliall\  zero  kiin  Ik  1 ncrx\  . I lx  in(  i)niiiix  infrared  iiiiacc  xcncratc!;  a 
|iolcnlial  ilillcrcni  ('  niia'^c  in  the  dcici  liiix  |a\cr,  \ • ,ind  al>o  at  llic  ciiiiltiiix  surface. 

I.C..  .ircas  rixinin;:  'i;:n.il  inloriii.ilion  .irc  .il  a lover  vollaxc  Ilian  areas  receiving 
onlv  I1.U  kxroiind  r.tdtaUon.  \s  a rc'Vili.  tlic  cmillctf  cl* ' Irons  arc  drawn  llirouxli  ihc 
( Alr.iclor  ;_Ti(|  Willi  ililfcrmx  cik  rciC'.  e'~.  dne  lo  llic  |io|cnlial  difference  venerated  li\ 
llii  intr.ired  'ixn.il.  li  the  wdlaxc,  \ , o|  llie  vclociU  sideclor  crid  is  .set  oiiK  iiifiniles- 
ini.dly  more  ne”ali\c  than  the  vollaxe.  <d’  the  cmillinx  surface  elements  where 

only  liackcroniid  radiation  i>  ah'orlied  and  no  si^ial  |io(eiitial  is  (lenerateil,  then  unl\ 
clc(  Irons  from  areas  wliidi  have  a sixiial-xeneraled  |)oti'iitial  at  the  snrfaia-,  \ more 
iK  cative  than  \ will  have  'iifficienl  energy  lo  [lass  thronxil  the  rcdeclor  ;:;rid.  In  other 
words,  clcclroii'  from  all  (dements  with  \ ^,  < \ ^ will  he  transmitted,  and  (dectrons 
from  (denienis  with  V will  he  ridleeted.  This  ideal  luhe  has  infinite  contrast 

cnhaiiceinent  heeaiise  the  infrared  haekxronnd  is  totally  sii[)|ires.sed  (deetronicallv. 

I nforinnatidy . there  are  several  [irai  tieal  limitations  whic  h make  the  udoedtv- 
■xdei  lor  Inlx-,  and  also  other  imaj;e  tiihes,  far  from  ideal.  In  the  .scdeelor  tnhe.  fiedd 
di'lorlion  near  the  xrids,  work  fnnetion  variations  on  the  \cdoc  itv -scdec  tor  xrid,  and 
noiMiormal  incidence  of  idei  Irons  a|i|iroa(diinx  the  .scdeelor  xrici  are  major  |iroldems. 
I icdcl  di'lortion  near  the  |_Tids  can  hc’  ini|irovecl  h\  nsinx  fine'  xricls  and  wc-ak  cdc-c  trie 
fie  ld':  work  film  lion  variations  can  he  limited  to  less  than  oO  m\  hv  [iroper  .scdec  tion 
of  materials:  and  cdei  Iron  ainje  of  incidence  at  the  vcdoeilv  scdeelor  xrid  can  he  im- 
[irovcd  hy  cin|doy  mj;  (deelron  sonrec-s  wide  h emit  most  of  ihcdr  edendrons  normal  lo  the 
eiinller  'iirface  or  hy  nsiiii.' eoNimalinx  lenses  or  small-aeee|ilanee  a|ierlnres.  llowevcT. 
there  .ire  some  trade  (ills  mvidved  in  a|i|iK  inx  lhe.-s‘  solnlions:  and.  as  a result,  ihev  are 
of  onlv  Ininicil  calm  . 


IR  BACKGROUND  8 


Kiniir#*  I.  \n  idrali/.rd,  infrarrd.  direrl-virw  tube  sliowinp  total  suppression  of  the  infra* 


r#*d  bark£r»)iind  by  usi*  of  a velority-selector  grid  and  a monoenerjjetir  electron  emitter. 


•> 


VISIBLE  OUTPUT 


In  aiiililioii  Ici  (Ilf  tlirif  |iruli|f iii>  jii.-l  ini'iitioiifil.  (In-  nonuniformitv  <>f  (tif 
'•■ii'iii”  |j\rr  mii'l  tif  f iiii-nlf M il  in  all  nna^f  IiiIm  '.  It  an  i ln  (run  Miun  r v>i||i  r<0  niiA 
rni  rj;\  '|iri  ail  ami  nfarmninal  rnii"iiin  wi  m'  avanalilr,  llir  H’li'inij  la\iT  iinifiirniit\ 
ri'i|inrfil  In  lakr  lull  aiKanla^r  nl  il  i' jimI  lian  U viitliin  rr ai  li  nl' toilav  \ ti-r linoli«<'\  . 
( .iin-4'ijuf  ntl\  . Iiii  Inlif  a|i|)lii  ahiiii".  it  m (jM*lf^>  |o  ilr  Man  riff  (run  Miurrr.''  v\  liirli  liavi* 
i in  rav  >|irrail'  li"  than  alMiiil  ”>tl  imA 

In  till-  |iri  ifilina  |iara^ra|ili.  tin  fiifra\  'iin  ail  wa>  ilrMTila-il  hv  a ratlirr  \a('uc 
lirni  a niiA  raiiai-  n|  rln  Irmi  i nr  ran- • m itlinn  I an\  iiiiln  at  lun  nl' iiov\  this  vs  a.v  to  In- 
nil*  a.''Urf  il.  Mtliniiah  llii"  i>  1111111111111  |ir.n  In  f,  llir  I'lirrax  ’^jirrail  i>l  riff  Iron  M»urrr> 
ran  unK  Im-  an  nrali  K ili  'i  riU  il  hs  r n Iron  rni  rav  iti>lrilinlion  riiru>  (KlKiV).  In 
l aM'.'  whi  rr  Mil'll  a i|i  lailnl  ilr-a  ri|itnin  i-  iml  in  1 1 '.«ar\  . M \rral  Irw  [irrrjM-  liul  olirn 
ailri|iiatr  ilr'a'ri|ilion'  ha\r  1 onir  jnlo  ij^  ■'oiiir  1)1  Ihr  iitlirr  rominon  one.*  arr  lull 
I'.lK.  wiillli  al  hall  ni<i\iniiini  (IWII'.I),  hall  1,1)1.  wnllh  al  half  niaxiniiini  (IIWIIM). 
KlH*  wnllh  rontainina  all  hut  lll^r  ol  Ihr  lr.i>l  rnrrarlir  anil  ol  Ihr  nio>l  rnrrarlir 

rlrrtron.'  ( 1 1)  hll'r ),  nnol  |iriihahlr  rnrra\  anil  1 alhiiilr  |rni|irraliirr,'  anil  rllrrlivr 
rln  Iron  lrni|irralnrr . I nlorliinalr K , nonr  ol  Ihi'M'  arr  \rrv  iim'IiiI  in  llii.' ili.M’U.v'ion. 


I' or  iniaar  luhr  a|i|ilif alion>,  Ihr  lno^l  ini|iorlant  |iaranirtrr  allrctina  (hr  rontra.''l 
rnliaiirrniriit  i>  not  ihr  riirrax  .'|irrail  iIm'II'  iml  ihr  -liaiir  of  (hr  .•^iilr.s  of  thr  rnrrirv - 
ih>trihn lion  fiir\r.  In  IiiIm’.^  likr  ihr  \rlorit\  -M'IrrIor  liil)i‘  or  Ihr  .'■tainlarii  \iiliron,  the 
priinarv  roiirrrn  i.s  thr  hiaha'iirrax  ^illr  ol  Ihr  l'.l)(,l;  whrrra>,  in  mirror  lnhr>  orrrtnrn- 
lii'am  \iilirons.  Ihr  lo\va‘nrra\  ,>.iilr  i.s  morr  rmrial. 


Ihr  rontra.-'l  rnhanrr nirn I is  [iroposilional  to  — 


. w hrrr  I is  Ihr  rurrrni 


anil  \,  Ihr  sianal  \oltaar  (Ihr  V "s  in  thr  Inhr  shown  in  Kiaurr  I I.  Thr  rontrasl  rn- 
hanrrnirnl  ran  hr  rrlalril  to  Ihr  shapr  ol  the  siilrs  of  the  KIK!  in  thr  followin(;  w ay : 
lakr  N(e)  as  llir  iinnihrr  of  rirrtrons  prr  srronil  prr  unit  rnrr}£\  intrrval  from  Ihr 
sonrrr.  riirn  thr  siilrs  of  ihr  KIX;  ran  hr  a[)pro\imalril  hy  rxponrntials  in  terms  of 
thr  rirriron  rnrr<.a.  e.  Ihr  maimitmir  of  thr  rlrrtron  rharar,  i|,  and  constants.  N 

. I’  ’ O 


anil  a:  (t  ) ^ r ''  . (0f<  0)  for  Ihr  hiahs'iirray  siilr.  anil  (e)  ' r 


(u  > II)  lor  llir  low  -rnrra\  -iilr. 


I 


I muIK  m il  III  ri  h rrim:  Id  111^1111)1114'  rallii)ili'.«  vvilli  appriixunalrly  Ma.xwi  lliaii  l•ll■ll^l)ll  i-iirnix  liistrilmlliiiis. 


r 


I or  tiilx  ' will!  ti  ojHT.ilr  on  lilt-  ( in  riiv  'idc’  ol  llir  I.IHl  — itic  'liunliiril  \iili 

y. 

ion.  lor  r\.im|ili-  llir  -i^nal  cnrirnl  i-  ”i\i  ii  li\  Ij^  (v)  ^ (c ) de.  liiic- s tin- 


'1' 


\oll.iyi-  ol  llir  l.irrrl  v\illi  rr'|it  I I |o  llir  r.illiodr.  !!\  -n  li'll  I II  lill”  ihr  ,l|i|il'o\ Im-l  lion 
lor  N|^  (<  I III lo  I lir  inlrrr.il  and  |ir rlorniinr  tlir  in Ir rralion.  nr  olilain  Ij^  ( \ ) - lj^_^ 

1 '"l, 

or  ' ^ Cl.  (c»  < (I).  makinr  llir  roiitra>t  i nli.inrrmrnl  |n  o|iorlional  lo  1 u I - - c>. 

I,  iK 

h 

I'or  lillif'  nlilrli  o|irralr  on  llir  Ion  rnrrrN  >idr  ol  llir  l,l)(.  — llir  mirror  llilir.  lor 

'I* 

r\aiii[dr  — llir  'irnal  rj\rn  lis  <' ) ^ (e)  de  ri\ inr.  li\  a 'imilar  |irorrdnrr. 

<) 

1 ( \ ) = I ^ ^ r'' ' . (a  > (I).  In  I 111.'  ra.'r . llir  r on  Ira' I riilianri'iiirn  I i>  |iro|iorlional  lo  cr. 

( .oii'ri|nrntl\  . oMT  llir  ranrr  nlirrr  llir  r\|ionrntial  a|i|iro\iiiialion.'  lo  llir  liirli-  and 
lonr-iirrirN  'idc'  ol'  llir  l,|)(!  arr  \alid.  a i'  a rood  paramrlrr  to  use  in  romparinr  the 
rlirri  o|  an  rlrrlron  'onrrr  on  a Inlir"'  ronira'i  rnliain  rmrnl.  l lir  Irriii'  “liirii- 
rnrrr\  riiloH'"  .mil  ‘'lona-nrrrc  riitorf  nill  lir  iixd  lliroiir|ion I llii.'  report  nlirn 
rrl’rrrmr  to  llir  'liapi  ' ol'  tlir  liir|i-  and  lon-rnrrry  sides  respeelicelx  of  llie  IdHi’s  of 
canon-  eleriron  -oiirre'.  and  lliesi'  -oiiree.-  nill  !«•  eompured  1»\  llie  parameter 

(Herall  llial  Itiere  are  mam  other  limilalioiis  on  irnproc  inr  eonlrasl.  so  improvirir 
a IxMirid  ahoni  t IOI)/\  ramiol  he  n.-ed  to  am  aiKaiilare  in  a praetieal  de\iee;jnsl 
nlili/mr  the  rapahililv  of  a soiiree  nilh  a = ± lUO'V  nould  reipiire  eoiisiderahle 
effort.) 

\s  mentioned  previoiisU.  not  oiiK  i.-  the  eleelron-enerry  distrihulion  important 
hill  .d'o  the  -palial  disirihiition  id' elerlrons  emitted  from  a sonree.  In  .Section  II.  the 
.ipparatns  nhirh  nas  x'l  up  to  determine  holh  of  the.se  jiarameters  is  disen.s.sed.  In  the 
folloninr  .M'elions,  the  Ino  navs  lo  ini[irove  ol  are  pre.senled.  The  u.se  of  fillerinr  teeh- 
niijiie'  to  di.-rard  imnanled  elerlrons  from  the  ener<r\  disirihiition  is  (li,seus.s<‘<l  in 
.■N  i tion  III.  \nolhrr  approach,  decelopinr  eleetron  emitters  nilh  the  desired  distrihn- 
tioii,  is  di-rns.-i'd  in  .Seelion  1\  . .Section  V rives  a fen  eonelnsions  that  resulted  from 
Ilii-  -liid).  \ Hihliorrapln  <d'  ii.sefnl  references  dealiiir  with  .suhjeets  found  in  this 
report  is  im  hided  follon  inr  .Seelion  \ . 


\*  of  roinpari'tin.  a ."lO-nHA  ( I U Il\1)  (iau.ssian  has  an  avrragi*  a of  about  7U/V  if  (e)  is  approxi- 

nutrH  ovrr  thr  rnrrt:\  raniir  rontaimnt:  from  f to  MKv  of  ihr  total  nirrrnt  or-70/\  if  N|^  (c)  is  approximated 
over  the  range  rontainmg  t to  of  the  total  eiirrent. 
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II  nil,  \N(.l  I \l!  I.I.I.U  I!(IN  I.M.KM  \N \l.'> /r.H  SI  KM 

I 111-  .m“iil.ir  (In  Irim  i Mir;;\  .m.iK /cr  (\l.l.\)  -tcm  w;i>  liuill  l»\  \iKaiicc(l 
l^l•■•<■.lr(  li  In-tniini'iit  >V'|ciii'.  Inc.  (\|{1.'’).  ol  Tc\a.'.  under  (.((iilracl 

I • \ \ KnJ  7 J < <1 1 (I  K 1 1 ( ( in-i'lnl  nl  two  larn'  eh  am  tier.'  .'cpa  rated  hv  a hineli . metal- 
'calnl  'jate  \al\e  (li;:nre  J|.  I ai  li  ehandier  had  it~  own  I ”i()-t/.-a'e  inn  |inm|i  and  ti- 
tamnm  'iihlimatnr  with  luld  -Im  ld.  and  eiintriilliT'  wi  ri'  |ir(i\ide(|  tu  o|ierate  all  nf 
till  indejM mil  n IK  . 1 he  i ntm  -v 'lem  wa~  hakeahle  to  .500°  (,  )i\  e;ie|o'iii“  it  m a 
tem|iiTatnre  1 1 III tn illi  (I  'hroiid  that  eonld  1m'  lowered  o\er  it.  \ ”a- haiidl iii"  .'tern 
VMth  |irn  I'lon  l(  ak  valu  - w.i-  .idded  to  allow  dcMreil  ^ax’s  to  lie  entered  into  either 
I hamlier.  I he  |ire"iire'  in  > i hamher'  were  moiiilnreil  h\  lia\ ard- \1|ht1  tvpeniide 
loll  <J  mec', 

I he  'inaller  ehamher.  the  i athode  |ire|iaration  ehamher  ((d’(i).  eimtained  an  arrav 
III  tour  e\a|ioralor  o\eii'.  a ee'inm  'oiiree.  and  a .'ilver  oween  leak.  These  could  lie 
ii.'ed  to  tahrieale  or  ai  livale  'ani|de'  while  the  jiale  \al\e  wa>  eloxnl  and  thus  prevent 
eontammation  of  the  i Iniron  enerirv  analv/.er  in  the  other  ehamlier.  The  ('A*'  also 
eonlained  nunierou'  anoxirs  llaii;;es.  Mounted  on  the.x'  were  windows  for  sample 
ohxT\alioii  or  ilhiniination  and  nieehanieal  and  electrical  feedthrouelis  for  electron- 
emi'>ion  monilorini:  and  cathode  proeessine.  An  |■,.\l  (,)uad  2.')0I{  ri'sidiial  ^as  anaU/.er 
wa-  ii'cd  to  monitor  the  ”a.x'.'  prex  nl  during  cathode  proeessine.  The  sample  could 
also  1«’  moved  li\  a manipulator  from  the  (d’(i  out  tltroueh  tlie  top  llanfre.  Here,  it 
could  he  HI'  healed  and  .X’aled  into  its  own  \aeuum  tulie  or  returned  to  the  main 
ehamher^  for  further  proeessine  or  evaluation.  This  top  [lort  al.so  .served  as  the  primarv 
place  for  samples  to  lie  entered  into  or  removed  from  the  system. 

\ arioiis  sani|)le  holders  were  falirieated,  each  to  accommodate  a particular  type  of 
electron  emitter.  \ sample  holder  could  he  connected  to  as  mam  as  ei<;ht  clcctricallv 
isolated  leads  on  Ihi'  manipulator.  This  allowtul  multiple-sample  lcstin;j  without 
cychna  the  vacuum  .system  hack  to  air.  (This  was  particularly  ti.scful  in  irnestijiatinj' 
the  field-emitter  tips  U'caus*'  each  pumpdown  also  re(|uircd  an  (!\lensiv«“  hake-out.) 
In  cither  ehamher,  the  sample  holder  coidd  also  lx‘  ccroled  to  about  100°  K hy  li(|uid 
nitrogen. 

The  larger  ehamher  contained  the  electron  cncrijy  analv/.er  (F.T'. A).  The  analv/.er 
rested  on  a earriaee  which  could  Iw  pivoted  ± 00°  horizontally  about  the  .sample  posi- 
tion. This  made  measurement  of  the  polar,  9.  anieidar  depemhuK'c  tpiitt;  simple.  How- 
ever. since  the  sam|)le  eoidd  not  he  rotateil  while  in  [vosilion  for  KlUi  measurements,  it 
was  difficult  to  measure  the  azimuthal,  0,  an<rular  dependetice.  To  chanty-  0,  the 
sample  holder  had  to  lx-  removed  fr<nn  the  system  and  rotated  on  its  support  rod. 
(.‘systems  have  lieen  desipicd  to  mea.sure  both  0 and  0;  for  an  example,  see  tin;  article 
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-EEA 


l(\  Smitli  and  I raum.  ’)  l lif  aiial\  /.«  r had  a 1°  apcrlnrc  lor  arci'pliii^  (d(  rlrons  from 
lilt-  sample.  I'lii.'  coidd  hasc  hci  n iin  rraM-tl  to  aiioiil  ")°,  llir  liinitalioii  lifiii”  imposed 
li\  till-  opeiiin;;  in  the  lirsi  lens  <‘lemenl.  (Mad  tlie  aperture  si/.e  U-en  iliereas<-d,  the 
I'ollei'tion  ellieienes  would  base  improsed;  hnl  not  oidy  would  the  anjjular  res(jlnlion 
base  droppeil  hut  al^-o  the  enerfiy  resedution.  Sitiee  the  eolleelion  el'lieieney  was 
alwa\.'  adequate  lor  our  tests,  the  aperture  was  always  ,s<‘t  to  uive  1°  resolulioti.) 

riie  Id!  \ v%as  a relardinj;  |»olential  dilfereiwe  analy/.er  — llie  AKI.''  model  l•,^,A• 
J|(M)\.  It  had  a ma\imiim-«'ner^  resolution  ol  dO  nuA  hut  was  ailjustahle  up  to 
about  J.")0  me\  depenilinji  on  the  .sensitivity  ilesired.  It  had  an  ultimate  current  s<  iisi- 
tnitv  of  about  10  *“’  \.  The  analy/er  (ould  sweep  up  to  a dO-eV  electron  eneri,ry  ratifie 
aulomatieally  from  tl.OO.d  to  2..d  lA /see  or  could  be  s<‘t  manually  to  monitor  any  par- 
ticular eiierc^  of  interest.  The  KIH.  eouhl  be  plotted  directly  on  an  \-\  recorder  or 
di'plaved  on  an  oseilloseope  from  either  an  automatic  or  a manual  sweep.  'I  h(“ 
anal\/.er  was  capable  of  the  above  oj)eralion  at  electron  ener<;ies  u[)  to  2000  e\ 
without  loss  of  either  .sensilivilv  or  re.solution.  Ofeoiir.se,  one  must  alway.s  make  a 
choice  in  the  trade-offs  arnoiif;  ener<^'  resolution,  current  .sensitivity,  and  sweep  rate. 
With  this  analvzir.  a re.solution  of  .dO  meV  was  obstTved  with  an  input  current  of 
in  '*  \ and  a sweep  rate  of  2d  nuA/sec.  Oedden  and  Zeeea  have  written  an  artiile 
describint;  in  detail  the  operation  of  this  analy/er  desi<>;n.'’  (For  a discussion  of  various 
tvpcs  of  electron  ener<^  analyzers  and  the  effect  of  their  <ieometry  on  their  measure- 
ment of  F.lXi’s.  see  the  article  by  Di  .''tefano  and  1‘ieree.^  ) 

III.  Fd.KCTKON  FlI/rFKS 

One  wav  to  sharpen  the  cutoffs  in  the  electron  enerpi  distribution  is  by  filtering 
out  the  electrons  with  undesirable  ener;;ie.s.  Numerous  methods  have  Iteen  employed 
to  <lo  this.  I’ach  havin';  its  (larlieular  advanlaees  and  disadvantages.  In  ',;eneral.  the 
techni<|ues  arc  verv  inefficient,  i.e..  to  increasi’  cr  by  a tactor  ot  two  usually  reijuires 
more  than  an  order  (d  ma^nituile  decrease  in  current.  I tuir  ;;eneral  relerenees  dis- 
cussiii;:  various  Ivpes  of  filtiTs  or  comparin',;  their  charaeteristies  are  Septicr.®  Kuyalt 
and  Simpson.’  llafner  >‘l  a/..*  and  .''impson.’  Nlost  ol  the  recent  filter  development 


^ N.  \ . smith  .ina  M.  M.  I raiirn. /tsi'. /.cii.,  iU . JO.  1 JtT  ( 12  Nov  TH). 

^ 1 1.  t..  ' ioklrii  iintl  \ / rrt  Hrv,  f>(  Sri,  Inxtr.,  12.  2.  2 Mi  ( t '‘li  7 1 )- 
* I II,  111  strlimo  Jlul  l>  I , I'li-rrr, /tec. /i/.s'rl.  tn.vlr.,  1 1 . 2.  IIt0(fch70). 

\Ih«Tt  ScpIi'T.  '■<!..  / ocMTin*?  itf  ( UnTftrit  f*iirtirlra,  V ol.  2.  Chap.  I\  . “I'n.-.iTis  ( \cafti‘niic  I’rcss.  N.V  ..  I9fi, ). 
‘ |-  K'lvatt  .iiul  |.  \.  Simp-sm.  "tlcMroii  Moiiocliromctcr  llc«ijin.  /ter.  of  Sri.  htatr..  .UI.  J,  lO.l  (.Ian  hi). 

**  II.  llafner.  I.  \ s„„|,.j„i.  an<H  / kmall.  ( ofn(i,irison  of  the  .Spherical  IhfliTlor  and  ('.ylindrical  Mirror 

VnaK/ers.  Hrt.ofSri,  Instr.,  .1*1.  I d.t  |.|an  fiHI. 

I.  \ siiiipMin. /tee.  of  Sc,.  aj  ij  I op  I p 1,.,.  I,  I 


lia>  rt'sullcil  from  llic  work  on  rirciroii  spectroscopy,  Imt  this  has  relied  heavily  on  the 
earlier  work  on  mass  spectrometers.  The  filters  are  generally  one  of  two  types  — 
eleetrostatie  or  ma;;netie  — although  there  are  some  filters  that  use  a eomhination  of 
hoth  tvpes  of  fiehls.  Most  filters  use  steady  state  fhdds.  hut  there  are  teehni(]ues  that 
eni|)lov  tliietnatina  fields,  .''ome  of  the  common  tvpes  of  <d(;etrostatie  filters  are  the 
parallel  plate.'®  “ the  retarding  potential.'^  the  spherical,'^  the  cylindrical 
mirror, '■*  the  midtipole  (espeeiallv,  the  (jiiadriipole),"’  the  127°  eylindri- 
eal,"*  and  the  monokinetron.^®  In  addition,  sitti[)le  electron  lenses  can  he  used  to 
some  decree  for  eleetrostatie  I'ilteritif;  .-inee  their  f(«-al  lengths  de|)end  on  electron 
enerfl. . Threi-  types  of  eleetrodvnamie  filters  are  the  time  of  fli>rht  filt<;r,^^  the  retard- 
ini'  |)otential  difference  analy/.er  (aetnallv  a ipiasi  filter), and  the  electron  hunch«‘r.^‘' 

Mthoneh  most  work  was  done  on  ma^jnetie  filters  in  tin-  earlv  davs  of  electron 
speetros4-opy , their  si/.e,  weight,  power  reipiirements,  and  always  ftresetit  stray  mapie- 
lie  field'  have  relegated  them  to  a [losition  of  sei-ondarv  im[)ortanee  for  most  appliea- 
lion>.  Neverlhele.'S,  some  of  the  more  noleworlhv  desi;riis  employini:  ma^i(‘tie  fi(dds 
are  the  homogeneous  maijnetie  field  with  radial  eleelrie  field, the  iloulde-foc-usinti 
s|)eelroi'raph,^°  the  Iroehiodal  monoehromator.^’  and  the  wien  filter.^® 
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1 «<>  ('Iri'tron  -niirro  ii'iti;;  I'illcriti^  wi'rr  lulirii  alcil  utulcr  this  VM>rk 

iiiiil.  \ ll!7°  i vlimirical  clci  lroii  iiiotiorliroinalur  wa>  liuill  in  lioiisc.  anil  a IMtC' 
'|ilii'rii  al  liltiT  w.i'  limit  nnilc-r  .in  rxti  rnal  cniitrart.  Uuth  n.-s-il  clcctm'tatii'  liltcrinj: 
lit'  clirtriin.'  tViiin  intmhan;;ralilf.  tliiTiniunir  catliuilrs.  (Thrsc  roininrri'iall\  asail- 
ahli-  r.ithiiilr'  \siti-  uviili'  ruati  il  with  milin  i t hcatrrs.)  TIii'm'  siinirc>  wcrr  ilrsi;;n(  (l  tn 
inu  'tii;atr  tar  mlrari  d M iisin!"  la\iTs  lor  ilin  rl-virw  Inhr.'. 

\.  I'hr  1 27°  ( A linilriral  I 'illcr 

\n  I'lfi  troll  Miuri'c  nsiti”  a 127°  cli'rlrostatic  liltrr  vva.»  lahriratcil  in  hoiw 
(I'iliuri'  il).  1’ lee  troll.'  I'roin  tlir  ;^ni  wirr  locii.'iil  into  tlif  riitiaiirr  a|ii'rtiirr  of  thr 
liltrr.  ( Inrr  in^ill('.  thr  rlrrtlon^  wrrr  ilrllrrlril  h\  thr  rirririr  licit!  Ii<-lw(“rti  the 
r\ linilriral  platr!-.  Iho.sr  ol  a partirnlar  rnrri;\  wrrr  Ioi  iimmI  into  thr  output  slot  anil 
r.'i  april  nhilr  all  oihrr.'  v\rrr  rollrrtril  hv  thr  platrs.  (This  I'oriisiiif' [iroprriy  at  127° 
wa>  tir.'t  .'how  II  h\  lhi”hr>anil  Kojaiisky  ) 

Thr  walls  of  thr  r\ linilriral  platrs  wrrr  roalril  with  ainorphous  rarhoii  hy  rlrr- 
troll  Ix  am  rvaporation  Iroiii  a rarhon  hlork.  This  was  ilonr  lor  two  reasons.  First, 
rarhoii  Ini'  a mtn  imilorin  work  liinrtion.  anil,  as  a result,  thr  potential  variations  near 
rarhon  roatril  .'iirlarrs  ha\r  a niinininin  rri'rrt  on  low-rnrrjf%  rirrtrons  passiiifj  near 
thrill.  -Nroiiil.  rarhon  is  an  rl't'rrti\r  ahsorhrr  of  inf'rarril  railiation.  .''inrr  thr  thrr- 
inionir  rathoilr  rail.atnl  a hirer  ainoiiiit  of  infrurril  rnrrey  . thr  niorr  rnrrey  that  roulil 
hr  ah.'orhril  in  thr  filter,  thr  less  that  was  transinittril  to  interfere  with  thr  infrarril 
'rn'or  inra>iirrmrnts  near  thr  output  from  thr  slot. 

\ nou  l feature  of  this  filler  was  the  ii.s<;  of  roniitjrlivr  films  to  rorrrrt  for  thr 
frineine  firlil'  at  holh  the  top  anil  hotlom  of  tlir  ryliiiilriral  platrs  and  at  thr  riitrairrr 
aperture  anil  exit  'lot.  Oner  aeain.  amorphou.s  rarhon  was  tlir  rhoirr  for  tlir  reasons 
airrailv  'tatnl.  Thr  rarhon  was  ilr[iosilril  on  elass  (lirrrs  rut  to  fit  as  shown  in 
Fieiirr  .».  (For  a review  of  thr  iisr  of  rarhon  in  hi»ii  vannim  work,  see  the  article  hy 
Ik'itrl.-*'  ) 

Thi'  sonrr.'  was  operated  only  hrirfly  ; ronsmpirntly . its  capaliilily  was  never  fully 
invrstii'atrd.  it  was  siiprrsi'drd  hy  thr  rlrrtron  sourer  dr.siTilird  in  .''rrtion  H. 

IT  I'hr  lirmisphrriral  Filter 

\n  rlrrtron  sourer  was  fahriratrd  hy  \K  l.'s  under  (hmlrar  I l)A.\K02-71-(',-0.")T0. 
DiTails  of  the  rlrrlron  optics  of  this  drvirr  are  .shown  in  Fipirr  T.  In  this  .sourer, 

■***  \.  I ,.  lluKhi-'  anil  \ . Kojan.'kv  . /’hya.  Her.,  1 1,  2.  28 1 ( I .T  .|iil  2’)). 

■*’  \.  B.  itil,  /.  »/  t *-.  .Sri.  .<•  7'ech..  8. (>  t7(t')TI). 
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Kieiirr  1 I hr  \KIS  rlcrlnm  Hourrr  with  I.Nj  r<M»led  infrarrd  iiriiiior  lesl  rhamhrr. 
riir  rlrcIniiLs  fn>iii  llir  llimiiioiiir  gun  »cre  filtrrrd  by  a 180°  hrmiHphrrical,  elerlri>- 
slatir  fUlrr  and  floiHli-d  a I -rni-diainrlrr  an'a  in  Ihr  IrsI  rhanibrr. 
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SECTION  A-A 


Figure  4B.  The  ARIS  eleetron  aouree  (aerlkm  A-A  of  Figure  4A), 


I'roiti  .1  IliiTminnii  < allnMlr  m rr  <lirfrlc(l  iiilo  n IH(I°  lM  iMi.'|ilirn<  al,  <-l -rlro 
'lain  lillrr.^^  l.rtiM’'  liilliivMii;:  lilt  lilli  r projci  Ini  a I rmliiiiflcrdiami'lrr  lloiiil 
Im  .iiii  iiilti  a liijmil  iiilro^ni  i nnlnl  lilix  k.  Tlii-  Murk'-  |i>l  rliaiiilHT  niuld  a<  riiinmo- 
ilalf  iiiatiN  ilifli-rriil  ilrli  i lur  n(iil'ixiiraliiiii.'  >iin  i'  llii-ri-  v»iti’  ^y-vrral  ^l^■(•lrl^al  lead.- 
mill  il.  (Oiif  l<-ail  v\a>  a In'ili  vidlanr  lead  I'nr  a |>lio.'|)lior.)  This  (•Icclruii  .-oiim- c<miIc1 
Im'  iiM-d  Id  li'sl  an  inlrarnl-st'iisilivf  rrlma  in  i illirr  llic  Iraiisinissioii  nr  rHlcction  mode. 

Tin-  finT>;>  di.'lrihiilioii  of  llii.«  suurir  wa>  clinkrd  willi  Ihc  AKKA  al  current 
IcNcIs  hclow  III  ''  \ and  litiind  lo  lie  nearly  (laiissian  willi  a 4d-nie\  (I''W  IIM)  eiierny 
spread.  Tills  wa\e  u.'elul  a's  of  Iwller  lhan  -Hll/N  for  llie  liinfM'ner};)'  eiiloff  and  of 
alioiil  (d)  \ for  llie  low-eiierny  eiiloff.-*’  In  lesis  al  higher  eiirrenl  levels,  the  hi;:!!- 
ener>r\  eiiloff  v>as  nieasiired  willi  a field->iiielded  relardinj'  (irhl  in  the  test  ehariiher. 
Kor  the  traiisinittnl  enrreni  ranjre,  H \ It)"’  \ to  H \ 10'”  A.aavera>;ed  -55/V.  while 
for  Ihi'  ranei'.  f \ 10'”  \ to  f \ IIT’  \,aaverai£ed  only  -d0/\  . 

The  uniforinitv  of  the  l1(M*d  Ix'am  was  elx-eked  hy  plai-in^  a hi)(h-volta('e  phos- 
phor iH'hind  the  retardin*!  ^ids  in  the  test  ehamlx-r.  (An  ariditicHial  .stiield  vrid  was 
placed  helweeii  the  retarding  jirid  and  the  phosphor  lc>  prevent  fkdd  distortion  near  the 
retarding  ^id.)  \lthoii;'h  the  source  was  desi^ied  lo  provide  a spol  uniforinily  of  3^, 
the  [iho.'phor  .showed  that  ahoul  l20%  was  the  lowest  aehu'vahU'  at  a's  better  than 
-120/V.  This  seriously  limited  the  iis<‘fulness  of  this  source. 

IV.  Kl.KCTRUN  K\HTTKR.'< 

III  llie  preyioiis  .seelion.  filteriiifi  methods  of  sharp«‘nin<j  tl*e  cutoffs  in  tin-  «‘l<-e- 
tron  ener^  distrihution  curve  (Kl)(i)  were  cited,  it  shiHild  lx‘  obvious  to  the  reader 
that  those  methods  have  many  disadvantages  for  tulx'  applications.  If  a reliable  elec- 
tron emitter  could  lx-  fabricated  with  the  desired  KDC  as  well  as  with  other  rc(|uircd 
eharacteristics,  then  the  filter  would  not  lx-  needed  and  the  complexities  assoeiatml 
wilh  addin*;  it  could  lx-  avoided.  In  this  section,  si'veral  electron  emittc^rs  are  diseussr'd; 
hut.  al  the  pre.seni  time,  none  are  sufficiently  (h‘veloped  lo  n-plaee  the  thermionic 
cathode  on  a lar;?‘  .scale. 

|•'rom  the  first  days  of  the  electron  lube,  the  hot  thermionic  cathode  has  Ix-en  the 
major  electron  source.  Its  normal  F.IKi.  N(e).cim  he  ajiproximated  very  accurately  hy 
the  hieh-i-ner^y  tail  of  the  classical  Ihdt/.mann  distrihution  of  enerpes: 


f or  d Hocription  of  lh<*  lhfor>  of  focusing  b>  iisr  of  this  filter,  wm*  K.  M.  Purerll,  l*hys,  Rt*v.,  54,  10,  818 
(15  N.iv  ;mi 

Mihoimli  the  (>ait.sMan  KIM!  b M>mmrlrirai  al)o»it  the  most  probalfk'  nirrff>  ami  >80/'  forsyinnie- 

trii  al  rn**nr>  rani2r>.  the  iisrtiil  Hoes  not  equal  the  u.«efiil  iH'caiise  they  must  i>e  Hetennined  by  approxi* 
matmit  over  un>\mmelneal  rnenrx  ranges. 
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v»hi  ri‘  \ I'  jU't  a |)ru|)iirtiiiiialit\  r()ii>(ant;  t.  tln'  normal  riicra\  of  an  ricctron  (llic 
tot.il  ciut'JX  I',  tiniiii'  tin  rniT^  due  lo  llir  vcloritx  |iaraii)-l  to  llir  >urfarc,  i.t-.. 
f f.  - ):  'l‘,  till-  work  liini  lion  ol  llir  rniitli  r 'iiriarc;  k.  lioll/niann's  ronslani : anil 

r,  till-  ali-olulr  li  iniirralnrr  (!' idlin' .»a).  ! Iii.»  i;i\i's  a 'liar|i,  low -rncrjix  rntoff  w liii  li  i> 
liinitrd  oiiK  liv  |irai  liral  rli  rlron  o|ilii>  drsiwn  in  the  tnlic.  Allliou^li  llii.s  is  ^jisid  for 
mirror  Inin-  o|(i  ralion.  mo.-l  ima^i-  lulir-  rcijiiirr  a >liar|i,  hi»li-t  ii(  ri:\  rntoff.  I'or  llir 

lii^lisTirr^  rntoll.  Q - . .•'inrr  llir  lrni|irratiirr  musi  Ix'  lii;ili  (>  1100°  ('.)  in  order 

to  sivr  sullirirnt  rnrrrx  to  lArrromr  llir  work  fiinrlion  liarrirr  lornoii;:li  rirrirons  to 
|)ro\idr  iiM'Inl  rnrrrni  lr\r|',  an  a of  alioiil  -1  f,  \ is  llir  Ix’sl  olilainalilr  lii<;li-rnrrj[\ 
rntoll  with  low -work  liinriion  roaliiir>  on  Ilirrmionir  ratliodrs.  Well  drsi;rnrd  rlrr- 
tron  ;nins  iisina  Ilirrmionir  ralliodr>  rarrl\  arliirvr  lirlirr  than  -IO/\  . (|{rrrnt  im- 
[iro\rmrnls  in  thrrmionir  ralhodr>  have  hrrn  the  dr\rlo|imrnl  of  the  l.all^  rmillrr 
surfarr^  and  Ihr  Ihoriiini  rarhidr  rathodr.^*  ) 


l i"urr  .)h  .'/lows  the  totul  riirr<^  <lislriliiiti</n  of  <'lr<-troiis  from  a ihrrmio/iir 
rathodr.  Nolirr  that  IIicm'  riitolts  arr  not  as  shar|i  as  lhos<'  of  Ihr  normal  Kl)(l.  I n- 


lorliinatrK  , any  a|>|diralion  whrrr  rirriron  0|ilirs  arr  used  lo  rollimair  or  foriis  the 
rirriron  hram  rmploys  more  nearly  the  lolal  KIX;  unless  fillrrin^  Irrliniijiirs  arr 
rmplovrd. 


In  Ihr  ilirrmionir  ralhodi-.  it  is  the  hi"h  Irmprratiirr  that  limits  its  iisrfnhirss. 
Ili|;h  trmprraliirr  plays  a similar  role  in  all  types  of  rirriron  rmillrrs;  iherrforr,  oiiK 
cold  cathode  .sr’hemrs  were  investiealed  under  this  wiirk  unil.  lari;e  amoiinl  of  work 
has  already  hi'en  done  in  the  last  decade  on  various  cold  cathodes,  .'some  of  Ihr 
approarlies  arr  field  emission.'’'’ “ 
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M.  o/'.’vi.  Instr.,  I Tf).'*  (I)rr  7 1 ). 


* II.  II.  (ilasrock.  Wcr.  «/.sVi.  Instr.,  I,  (i9H  ( Apr  72). 

H.  N.  I hornu.v  rt  o/.,  "h  ahriratiori  and  Appliration  of  l.arjir  Area  Silicon  I'  iHd  Kmittcr  \rra>;s."  Sot.  Stato  t.lor- 
tronics.  17.2.  1 •‘>.‘1  ( Krh  7 M. 
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I ..  \.  >piinlt,  “ riini  h ilrn  f icid  l.inbi.'iion  I Icvice.'*,  ’ IKKK  f !f»nfrrcnrc  on  KIcc.  I )cvicr  T<‘cli..  .N.  A . ( |‘)7.'l). 

I ra  < olin.  f.  htys.  />;  fppf.  Hiys..  ‘I  icid  f-jnj.<«ion  from  (.arhon  Kilirr**.'*  p.  I 10.1  {I97.1)- 

W.  h.  MrNril  ami  W U.  .''‘Iicpanl.  ‘l’rrp,.'-alion  of  (ic  and  Si  l irld  Knibision  (ialhodcs.  ' Hov.  of.SVi.  Inxtr.,  til. 
I 1.  KkUmNov  72). 

.1 . I).  I.rvinc,  \nal>  <i>  ami  ( >pt'  (ii/ation  of  a KhM  Krnittcr  Arra>  liC.A  Rfviptr,  A2.  1 , 1 41  ( Mar  71 ). 

jor  Shelton  |*lxidr  Metal  <,ompo>ite  for|  “l  ield  Kffeet  Kmtv'iion.''  Report  K\-TK-71-1,  Redstone  Arsenal, 
Maharna  ( Atm  7 1 ).  (availahle  from  DIM !). 
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Inuii  |i  II  |iiin  limi'.'*^  'l.\  i Irn  rini"ion.‘”'  siTiiiiiliiry  clrr- 

Iron  '■*  i'iin>'n>ii  Irnni  .''ilmllkv  'uri'.n  i liarru  r iliudo.**  ami  linn  iilni 

liinni'l  < nn"nin.'”  Mllimi^li  'Oini'  nl  llu  '*'  a|i|im.n  lif'  arc  Ih  iii”  um  iI  lor '(iccilii 

an|>li<  alioii'.  llic\  all  li.ivi  In  linical  |iri>Mcni'  nnIiicIi  remain  In  U'  'iiIwmI  liclurc  ||ic\ 
can  lie  mure  wnlcK  ii'cil  m imaue  Inlie-. 

I liree  l\|ie-.  iil  elec  Iron  emiller'  Were  'lildiecl  under  llli-  v\«irk  llllil.  I,miller> 
ii'im^  mil  rii'i  ci|iie  lield  emiller  lip'  and  linn  lilni  emiller'  ul  lieal  lrealed  lin  ii\ide.' 
were  lalirn  all'll  under  Iwuevlernal  ennlrael'  and  Ic'led  m llie  \KK\.  I Iicm- are  di>- 
I ii"<  d III  >ei  liuii'  \ and  I!  re'|ieeli\el\ . In  addiliiiti,  a neealne  eleelriin  afliniU  >nr- 
lai  I III  ^.illinni  |iliii'|ilnde  viai-  |ire|iared  and  evalnaled  m Inui'e.  I lie  re.'iill.'  of  llial 
ellnrl  are  jirc'i'nled  in  Sei  Inni  I . 

*-  |i  I lljmliiai  |.l  \l.ill  and  N I Mnir  lli.va. /<ii ..  I III.  .1. 'ITJ  (I  May  (i.'l ). 

I ' Kuhn  'I  cilil  I athciiii' Mri  trciii  I Ma"i*iii  friim  >1.'  I|i/i/.  /*liv,i. /.ell..  111.  7.  2Tli  I \[ir  7 1 1. 

P I llra'Iri  ainl  K II  I aulkm-r.  Ill  Ml.  in  h U‘t . anti  tint.  /7iv.i.,  \ nl  |ip.  l'i'Mi7  I Xiacli'inir  l'ri*s.'. 

|M72) 

I>  ^ Itotrr.  lor  l.o\\  h fMn;\  ''pr*  ( jIImhI*-*,  Krport  li\  Mamianl  I rlrronmmriM  alioii>  l.att  on 

itrili-h  < \ h I'rojrrl  ( P»7U 

K K.  I-  jiilkniT.  ai.  Ip/W,  /Vivt.  / «■((..  2 t.  P.  J'(H  ) I ' >rp  7.'i 
^ ‘ 1 1 , 1 1 NcImmi.  and  ! I.  K n'v>r|.  I/»p/.  l*hys,  I *■  It.,  JP  IP.  ( Ma\  72 ). 

K I . Ki  ll  amt  W 1 . >iiio  r.  IVni  . '.K,  I 1 . 1 7(«(  ( Nnv  7H I 

.)  van  I aar.  fcPi  f U'ctrnnira.  IP.  21'  i fnl  7d) 

11.  h ilium-  and  j . | . I u-tj*'n.  /Vi#r.  o/  If-  h h , '**.  I WIP  ( |P7  1 1 

K.  I..  Brit,  Nf^furn-f'  f Ifctrim  \ffitutv  /P’lirrj  ( Oxfi*ni  I ni\.  I'rrsi . l.ondon.  I*>7d). 

*“  M K,  lV>tcrrnan. »’/  nl..  /.  Ipp/.  l*hv!t..  -Ki.  P,  2P3*I  (>*‘p  P'>) 

U.  I . Mdrtiii*-lli.  a/..  K< ' \ h uul  Bcporl  ott  I > \ l.finirarl  ! > \ \ K02*7  I ■(  . P32P  (N*p  72 H availaldr  from  DlMi). 

H.  f . V^dliams.  B.  I Martinrlh.  ami  !■ . Kohn.  in  Idi.  in  fU’f.atuI  /■/#•<.  f’hys.,  Vo|  33\.  pp,  H"-."!?  ( \radrmir 
Prrs>.  l.ondon  l'*72). 

K.  k.  .^warik,  I.  Ipp/.  /*Pya..  U.  2,  77Kih«*b  70). 

***  ( !.  \.  .''toltc.  J.  \ ilrn>.  and  K.  ,|.  \rrln-r.  .spiff  f.h’rtrnnirM.  12.  0 f X ( I‘)(»0). 

Tohrii  Itoh,  “KniTiTN  Di.^triliiition  of  Klrclroii!- Kmitlfd  from  .Sj  Surlarf  Barrifr  I hoiles.** Ipp/. /Viva.,  U,  o. 
Pr»l  ( \pr70). 

Mra<i.  “Opf ration  of  7 nnrifl  Kmi?ision  i/fVKT.s'*/.  Ipp/.  Phys.,  .32.  4.  P4P  ( .Apr  PI ). 

J.  May  and  B.  Ilrarh,  *‘KrnL*«7K>n  of  Klrclroit-i  from  MlAl  Sy.‘*lrrn>.  Angular  I P.slrihution.'-."  Czt't-li.  J.  f*hys.  It, 
23.234(107.3). 

K.  Ilrach,  “Kmif'^ion  of  Klrrtron.'*  from  MIM  .Stnirturfs:  l)i.«-n.sKion  of  I'rocrsws  in  thf  f^alhodr,'*  f.jpc/i.  J. 
fW  H.,  2.3.  225(1973), 

K.  Ilrach  . . Kmis8ion  from  MIM  System;  Kncr^y  Dbitribution.**."  Czrr/i.  7.  /Viy*.  li.,  IB.  12.  1591  (Drcfdt). 
j.  Schrofel  and  I.  HultH,  Thin  Soli/I  f'Ums,  21, 5.3  ( 1974). 

(a.  A.  Tahm.  rt  ai,  “Klrctriral  Korminti  in  and  KIrctron  Emission  from  Thin  Film  Ahiminum-Borwilicalc 
Aluminum  Sandwirhi*?*.”  Phys,  Stat.  .So/.,  A 12.  2,  .563  ( 1972). 

H.  Birdcrman.  “Kleciron  Fmi.>ision  into  Vacmim  from  AI-ldK-.Au  S|^lctu^<^>^."  Thin  Solid  films.  Itt.  I.  39 
(1973). 
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\.  MiiiKiliirr  I irld  I .mil  li't  I i[» 

I Ilf  .iilv .III la;;f  nl  ii'iiif  lii  lil  fiiiillrr'  l<>  iiii|irii\f  (lie  fiiiilra.-l  f iiliaiiff iiif n I in 
■■oiiif  tiilii  ' i-  'liimii  li\  ilif  ~liar|i.  Iii^li-r iifrf\  fiilul'l.s  of  iln-  lilHi’s  in  l ifinc  f).  Tlic 
f\(irf"ion  for  llu-  lolal  i iifrfv  ili'lrilmtion,  N(li),  i> 


N(l.)  = 4 


TT 


wlifrr  I'.  1'  llif  lolal  <iifrf\  ol  an  cinillfil  flcflron.  | . tlir  lolal  cinillfil  furrcnl 
ilfii'ilN.  anil  il,  a fai  lor  ilflmniiifil  priinarilv  li\  llic  v\ork  fnnction.  Al  lovi  lenipcra- 

Inri  ' (kl«  (1).  Ilif  f\[i  liTin  iloniiiialcs  llic  f\|trcs.iion  at  liiali  clcr  tron  fiicr^ifs 

(!■,>  kl  ).  Ilii.'  can.s-s  Ilif  liiflia-nfray  cnloff  to  lie  \erv  sliarp.  i.f.,a==  - At  77°  K, 

k I 

Or  - I k">/\  ; lull,  fvfii  al  room  lfm[)f ralnrc . a - 2T>/\  . The  lov>a■nfrf^■  rnloff  i.-;  nol 
m arly  a- >liar|i.  Nolicc  llial  il  ilof i- nol  \ ar\  vsilli  Icmpfralurf  linl  ilfpcnds  only  on  llic 
\aliif  of  il.  T\  pii  al  \ aliif>  of  il  aivf  an  a of  only  alioni  fi.fi/N  . ( I'lifM- results  w erf  firsi 


ilf  moii'tralf il  f yperimeiilally  li\  Mulli-r  and  ^ onna'’ 


l‘t.)9.  Kxpfrinieiital  and 


llifori  lii  al  work  on  fiidd  emi.ssion  was  reei-ntly  reviewed  liy  (iad/.uk  and  I’luinmer.*^ 

I heir  artifle  fonl.iins  an  exiensive  hililioarapliv  id  the  previous  work  in  this  field.) 


The  field a iniller  li|)s  investigated  under  this  witrk  unit  were  jirepared  hy  .''tan- 
ford  Ke.-eareh  Institute  (.''HI)  under  (ionlrael  I ) A \K.02-72-r.-0 1 44.**'  Twenlv  sample.s 
were  fahriealed.  eaeh  with  eieht  iniiependent  einitler  lips.  I’i^jre  7 shows  the  phvsieal 
eonlij^iralion  of  a sample.  I he  lips  were  fahriealed  hy  depositini;  I -^'m  eone.s  in  small 
hole-  elfhed  in  the  dieleelrie  film.  A voltajie  of  alioul  100  \ on  tne  anode  was.suffi- 
fienl  to  emit  aliout  10"’  A from  a sin  file  lip. 

Mthoufh  many  of  the  SRI  sanifile.s  were  run  in  the  \KK.\.an  KlMi  measurement 
was  never  altempled  on  any  of  these  tips  lieeausr’  their  eleetrona'inission  currents  were 
-o  erratic.  .''HI  lound  that  a .'{.”)0°  (!  hakeout  in  a vaeiium  of  10"’  Torr  for  100  hours 
rednied  the  noi-e  in  the  emis.sion  enrreni  to  ahout  1%  for  ahoiit  6 hours.  However. 
Ihi-  hifh-lemperalure  hakeout  was  not  duplicated  in  tin'  AKIvA.  Nevertheless,  a 1 ..A  n A 


’ li.  Il  > oiini!.  ■'Tliion'lical  Total  Knnyv  Di.-lrilnition  of  KicUi  Kmitlcil  Klcctroiv-." /1i.vj.  Hri\.  Il.T.  I,  till 
( 1 |<in  VI). 

*'*'  H.  0.  Nouiiii  JIMI  K.  W Miillrr.  “Kxprrimcnlal  Mcasurcmrnt  of  Total  Kihtkv  IlLstriliiitions  of  Kidd  Kmittrd 
Hrrtroii.-. '■  f’hvj.  f{rr.,  I IT.  1 , 1 1 ")  ( I Jail  .TD), 

' J tv  l.ail/iik  aiHl  K.  W.  I’liitmni'r.  "Kidd  KtnLssion  Kiiitkv  Oistriliiition.-."  W<>r.  o/ 1/odcrn  /’/iv.«..  ♦.■>.  .T.  tR7 
l.|oi:.T». 

*’**  < \ Spiiidt.  “I.ow  Km-rcy  \loncM  iii-r«i-tir  flood  Soiirri-.  ’ final  Report  of  I .SA  liontrart  I) A Akt)2.72.(M)l  ft 

(.■v-p  T2)( availaldr  from  Dlie). 
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HOLES  IN  TOP  VIEW 


Figure  7.  Miniature  field  emitter  structure  fabricated  by  Stanford  Research  Institute. 
Kniarged  Vien  "A"  shows  four  of  the  eight  addressable  electron  emitter  rones  with  por- 
tions of  the  overlayers  removed  to  expo.se  the  underlying  .structure. 
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i lirrrtit,  'IjIiIi-  lor  ill)  mm.  wa.'  ai  lucvcd  alter  an  e\lcii>i\i’  jr)()°  (,  hakeoiit.  Mo.-I  ol 
tin-  enrreiil  a|i|>eareil  lo  1h-  ilireeled  vMitiiii  of  the  Mirlaee  normal.  \ |)o>.'ihle  e\|iia- 
nation  lor  llii'  that  the  lield  near  the  anode  eollimale'  the  iM-am,  lint  mneh  more 
work  I'  needed  lo  \eril\  tin.'  .'peenlation. 

I )ne  other  si^mlleant  ohs«-r\alion  w a.'  made  on  one  of  the.se  .'am|de.>!.  I wo  id  the 
ti|i'  emitted  initialK  >tahle  enrretil.s  ol'  I n\  eaeh  when  equal  voltage  hia.se.'  were 
a|i|ilied.  I hi'  <d)'er\alion  i.'  inqiorlani  Iweaii.'e  .'imnllani'oii.s  lnrn-on  voltaee.s  and 
niatehina  eiirrenl  \oltaae  eharaeleri.'lies  are  reijuired  in  ino.'t  tuhe  a|)[)liealion.<  which 
vvoiild  ii.'C  an  arra\  of  llie.'^'  field-mnilter  li|).'. 

rhi'  di'eii'sion  of  fielda-mitler  tip.s  is  eonehided  with  the  oh.servation  that  efforts 
need  to  he  directed  toward  soUina  the  noi.-s-  |irohlems  lo  make  these  devices  practical 
m tiihe  application.'. 

It.  Tin  Oxide,  Thin-l'ilm  I, miller 

file  '4‘eond  Ixpe  of  emitters  invc'liaaled  was  the  "\ariahle  affinity.”  tin  oxide, 
thin  film  emitter.  I wenlv-one  'amples  were  faiirieated  h\  Ifeta  Industries,  Ine.,  of 
l)av  ton.  I )hio.  under  Oontraet  I)  \ \k0ll-7ll-(i-01fi:{.  fhe  eoid'i^iralion  of  eaeh  sample 
IS  shown  in  I'iaure  it.  When  a potential  of  a few  hundred  volts  was  apjilied  aero.ss  the 
film,  a current  <d'  s<-\eral  milliamperes  lloweil  ihrouah  it.  When  an  eleelrie  field  of 
thousands  of  \olls  (ler  eenlimeter  was  directed  toward  the  film  surface  from  a vacuum 
anode,  a larae  fraction  of  the  film  current  v\as  emitted  into  the  vacuum.  Kmission  eur- 
rents  as  hi>;h  as  100  p\  were  oliserved.  With  flO  V across  the  tilrn.  sample  #12 
achieved  a fO  p\  emission  current  with  onlv  a 120  p,\  film  current  (dd%  effieienev ). 
Mthoiieh  such  a hieh  emi.'sion  effieienev  was  rare.  .”)  to  10%  vvas  typical  at  liifdi  lilm 
vollaees.  fhe  final  nqiort  of  that  contract  eonlains  the  eornplete  fahrieation  param- 
eters and  emission  data  on  all  samples.*’ 

.'several  samples  were  mounted  in  the  AKK.A  for  invesliiialion.  hut  the  currents 
from  all  of  them  were  rather  noisy.  Despite  this,  .several  measurements  were  made. 
The  electron  enerjrv  distrihiilion  and  current  density  per  unit  solid  an<;le  varied  little 
for  emi.'sion  within  l.'>°  from  the  surface  normal.  The  Iwst  hij;h-ener<j\  cutoff  oh.served 
had  an  a of  -.'j/V  . (This  was  oliserved  with  IdO  \ across  the  filtn.O  p.A  total  emission 
current,  and  a film  current  of  ahout  1 m \.)  The  low-ener;^  eiitoft  may  have  lieen 
'liehtiv  hetter.  hut  Iweaiisr-  tliere  was  always  more  noi.se  in  the  low-ener^  electron 
current,  it  is  difficult  to  sav  . 


^ j.  I-.  Mizs.  "tnvrstiaatiori  of  .'oli*t  Slate  Cold  fiathodrs,*'  final  Krporl  on  I S\  (ionirarl  1 1 2-1  .-Olfi.'l 
dll"  aiail.ddi'  from  l>t >< .). 
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TOP  VIEW 


16 


SIDE  VIEW 

DIMENSIONS  IN  INCHES 

Figure  8.  Tlie  tin  oxide,  tliin-filni  emitter  fabricated  by  Beta  Industries.  The  active  area 
(area  where  large  voltage  drop  occurred)  was  confined  to  the  center  by  removal  of  a por- 
tion of  the  tin  oxide  film  with  a diamond  .scribe.  (See  top  view.) 


\ii  ,n  I iir.ilr  mi  ■!•  1 iiir  l•ml"ll>ll  Irum  llic'i'  ilr\irc>  mil  srI  lifcii  iormiiUili  il. 
Mi/i  ” li.i'  li\  [lilt Ih  'I/i  iI  -I nil  r\  liinlrii  iill\  . miin  lric  iil  iiiiii' tiiiii'  a."  (In-  ai  tivi-  pur 

timi  111  llii  ill  VII  r.  Iiiil  rlri  Inin  iiiiiTii>riipf  ^liiilii  ' -Inivvi  il  llii'  In  lir  an  iiiai  riiralf 
ili  'i  ri|ilinn  liir  i nii"ii>n  Irum  uiir  -anipli  '. 

(,.  \|  \ l‘liiilurnii>'-iuii  I'riiin  (lal’ 

rtii-  lliinl  Ivpf  111'  ^■nll"lun.  pllulln•nli^.'iun  Irum  iirjialivn  i li-rlrun  al'I’inily  (Mv\) 
'urlai'r-.  vva-  iriM  'li>:alril  m Inni.-t'.  minliiini'il  l arlifr  in  lliis  sccliun.  tlirrr  arc 
m.mv  l\  pc-  III'  1 iilil  I alliiiilc  m Iiciiic.-  iinilcr  in\c>lii;aliun  rlscwlicrc  ii.'iiic  NKA  siirf'arcM 
lull  pliiitucmi"iiin  I'  llic  'iniplc>l.  ami  il  luukcil  prumi.'ini;  lur  use  in  ini'rarcil,  vclucilv- 
.'cll•l■|ur.  iliri'i  I V lew  IiiIh-'. 

The  majiir  aiKanlaee  ul'  imine  |he  Mv\  appruaeli  i.i  llial  most  (if  tlie  emitted  elee- 
truii'  .ire  "Ihermali/eir'  in  the  hulk  liefurc  ihev  are  emitled.  'I'liis  is  illustrated  in 
l iaiire  h — a hand  dia^am  uf  a eesiated,  |i  t\pe  ervstal.  IJeelruns  excited  into  the  eon- 
din  liun  hand  near  the  -.iirfaee  diffuse  to  Ihe  narruw  hand-hendin>£  re^on.  Dnrini;  this 
diffii'iiin  pruees^.  the  eleetrun-  aic  thermali/.ed  (which  means  that  the  eneri^  distrihii- 
tiiiii  of  the  eleelruns  is  determined  h\  photon  interactions  in  the  hulk,  and  the  elee- 
Irons  a^^ume  an  ener;;v  sjiread  eharaeterized  hv  Ihe  temperature  of  the  crystal  and  the 
densitv  of  stales  near  the  eonduelion  hand  eilae).  If  the  cry  stal  is  heavily  doped,  the 
hand-hendin<:  re^on  is  short,  and  there  is  a hieh  proliahility  of  transva-rsin;:  the  rcfiion 
without  .<ealterini;.  If  the  surfaee-aelivaliun  laver  i.s  also  thin,  then  the  electrons  which 
impinge  on  it  also  have  a hiah  prohahilitv  of  pcnelralinfi  the  potential  harrier  and  In’ini;; 
emitted  into  vacuum. 

Since  the  electrons  are  therrnalizml  hefore  they  arc  einittml,  the  hi}th-enerf^’  tail 
of  Ihe  KlHi  consists  onlv  of  electron.s  that  are  not  inelastically  scattered  in  the  hand- 
hendinfi  ref^on.  \s  a re.Mdl,  tlie  hieh-enerfty  cutoff  is  approximately  Maxwellian  as  in 
the  ca.se  of  the  thermionic  emitter  (Fipire  .”)).  The  hijj  difference  is  tliat  the  electrons 
are  thermali/.ed  at  a much  lower  temperature  .so  the  liifjh-enerpy  cutoff  is  much 
sharper.  (At  room  tem|)craturc,  k T i.s  (jtily  26  mc\  .)  This  .sharp,  hijjh-enerfry  cutoff 
was  demonstrated  experimentally  hy  James  and  Moll  on  Mv\  (ia.As.^^  They  achieved 
a's  of  -60/V  at  (U)°  K atid  hetter  than  -20/V  near  room  tem|M'ralure. 


' .1  II.  Mizf,  “InvrstiKatiori  of  Solid  Stair  (!old  (’alhodrs/’  Final  Krport  on  FSA  (.ontrart  I)AAK02*72-(--01(»3 

72)(avaiiat>lr  from  OOC). 

J.  L.  Mi/.r,  “Krsrarch  and  Fabrication  of  Solid  Stair  F.mittrr  .Arrays/'  Final  Krport  on  USA  Contract  DAAK02- 
72-(!-019!>  (Fi’b  7 1)  (availatjlc  from  DIMi). 

I,,  . James  and  J.  I„  Moll.  I'hys.  ftee.,  Ktd,  .3,  7 Ml  ( l.i  Jiil 
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Kigiirp  9.  Kleolron  piier^y  diagram  siiowing  band  Ix'iiding  near  the  negative  electron 
affinity  (.NEA)  surface  of  a p-type  crystal.  Eleclron.s.  e.vcited  to  the  conduction  hand, 
diffuse  to  the  band-bending  region  where  they  are  accelerated  to  the  surface  with  a high 
probability  of  emission  river  the  work-function  barrier,  <1>. 
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ELECTRON  EMISSION  ANGLE  ,8  ( DEGREES) 


Figure  10.  The  distribution  of  emitted  electrons  as  a function  of  emission  angle,  0, 
from  the  (100)  .surface  normal  of  a p-type  CfaP  crystal  activated  to  NKA  by  use  of  Cs. 
The  data  points  are  for  three  different  activations.  The  solid  line  is  the  distribution  ex- 
pected from  theory. 
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I lie  lm»  < iicrtr^  ijil  ;i  I, til,.  „i«.rc  complicjtrd.  If  (Ik;  NKA  i.s  larfjc,  (hen  .sorm-  of  i 

till'  rlri  troll'  wliii  li  arc  .'t  allcri'il  in  (lie  lianil-lK'iiilinj;  rt'fjion  .still  liavi'  sufficient  cn<;r<5j' 
to  i 'r  i|«  from  the  'iirfacc.  Con.'i  (|ucMlly.  Ilic  low-energy  entoffof  the  KDC  is  deter- 
irnned  li\  'l  alterin^  (iroeoM's  and  is  not  as  sliar|)  as  the  low-ener<rv  cutoff  of  the 
IhermioiiK'  cathoile  I his  i'  not  the  ca.'e  il  the  \F..\  ol  the  surface  is  very  small  so  that 
an\  .-s  attered  elei  Iron  |o,'4  s enonah  enerjr\  that  it  cannot  he  emitted.  In  this  ea.se,  (he 
low-enerj^  cutotl  v\onld  also  he  sharp  as  shown  in  I'ijiiire 

1 he  only  crystals  investiaated  in  house  were  [i-lype  |i;allium  phosphide  (tJal’)  t 

< r\  stals.  Sew  ral  attempts  were  made  to  aclisate  tldn,  epitaxial  layers  of  V.n  doped  (iaP  * 

on  tia\s  suhstrates,  hut  a neaatiye-affinity  .surface  was  never  achieved  in  the  AKKA  ] 

'ystern.  I he  hiah  temperatures  reipiired  to  order  the  (iaP  .surface  caused  di.sas.soeiation 

ot  (he  (ia  As  suhstrates.  Sinale  er\ stals  of  (iaP  were  pureha.s«-d,  hut  they  did  not  arrive 
untd  alter  this  work  unit  was  terminated.  Aeverlheless,  the  author  did  siicci'ssfullv 
actuate  and  mvestiaate  the  spatial  distrihiition  ol  emission  from  the.se  samples  in  a 
\ arian  I.F.KD  1240  s\ stem.” 

I he  primarN  rc'ult  (d  the  tial’  study  is  shoyvn  in  I'iaure  10.  Fdectrons  yvere 
emitted  with  a (.aussian  distrihiition  ahoul  the  surface  normal.  'I’h is  result  is  consis- 
tent yyith  a theory  ot  near  normal  photoemis.sion  from  .NK.A  surfaces  first  propo.sed  hv 
lollard.  Ik'cause  little  effort  is  reijuired  in  collimatina  or  fociisina  a normally 

< nutted  heam,  the  Nf,  \ emitter  has  a lar^e  potential  lor  future  applications  in  imaee 
liihes.  I he  major  [inddein  is  inereasin^  its  litetime  in  typical  tuhe  environments. 

V.  CONCLl  .'^lON.'^ 

No  electron  source  lor  tuhe  a|)pliealions  was  developed  under  this  work  unit 
allhou>;h  numerous  ideetron  fillers  and  electron  emitters  were  invesli';ated.  .'simple 
electrostatic  tillers  yyere  used  to  sharpen  the  hij:h-<-ner;ry  cutoffs  in  the  KlUi  of  elec- 
tron emillers  hut  were  lound  dilfieull  to  fahrieale  and  ii.si’ful  only  when  most  of  the 
eiirreiil  den-ily  ol  the  source  could  he  sacrificed  for  a sharper  cutoff  capable  of 
un|iroyin<:  a tuhe  s contrast  enhancement.  |yyo  electron  emitters,  miniature  field- 
cniiller  tips  and  negative  electron  aftinity  (NFA)  emitters,  look  promising  for  the 
hilure.  I nlorliinately  . hoth  emitters  also  have  prohleins  yvhieh  will  ri'ipiire  further 
attention.  I he  field-i  inilter  tips  can  provide  hi}:h  current  densities  hut  suffer  from 
c\<i-iyc  noisi-  m typical  tuhe  environments.  NF,.A  emillers  can  provide  very  near 
normal  cmi"ion  hnl  are  difficult  to  keep  stable  in  the  lon*j  term  and  cannot  easily 
proyide  luch  current  densities. 


I I Jimr..  ■■.'[lahiil  Ihstriliiition  of  llii-  Xi-ar  I lirrsliol.1  I’liolomiissiori  from  ( 100)  lialMis"  Mi'lrrs  Hh-sl', 
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I H PolbirH.  (.onfrrrnrr  on  ('ho(«M  |pctnc  dtid  S<Tondar>  I bTlron  Kmi.sjtion,  PaprrC.  4 H niv.  of  Minn,.  \im. 
71  >(Kr|Mirl  available  from  IHK!.  \|)  «7r>0.if>J), 
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